Leonid meteoroids contribute a significant fraction of the annual budget of cosmic material falling on Earth (Rietmeijer 1999) , and numerous groups (e.g., Blanchard et al. 1969 , Maag et al. 1993 ) have attempted to capture and retreive them for analysis.
There have also been unintended captures of Leonid particles by low Earth orbit (LEO) satellites (Humes and Kinard 1997) . In 1969, 32 partially melted meteoroids were collected Hodge 1969, Brownlee et al. 1997 ) by flying U2 and WB57 aircraft at stratospheric altitudes near 20 km. These meteoroids were members of a general low-level flux of particles that produce an average zenithal hourly rate (ZHR) of visual meteors near 6/hr on a daily basis. This work has led to a better understanding of meteoroid compositions and ablation mechanisms. However, there has since been no systematic effort to sample and study extraterrestrial particles in the stratosphere in general, or the Leonids in particular. The upper stratosphere remains perhaps the best environment to collect meteor dust, however success in doing so is a compromise between environmental and technical factors (Rietmeijer 1999 ).
On 17 November 1998 we launched a 10m weather balloon equipped with an xerogel dust collector to sample the stratosphere during the peak flux of the Leonids. A matrix of low-density silica xerogels in separated polystyrene wells were fixed to the outside of the balloon package. The payload was carried to an altitude above 98% of Earth's atmosphere during a 1.9 hr flight. An on board digital camera captured eight Leonid fireballs brighter than magntitude -10. At its maximum altitude, the balloon ruptured as planned and the payload descended to Earth by parachute. Eight candidate impactors were analyzed in the returned payload. One of these exhibits chemical and morphological signatures indicating extraterrestrial origin.
Twenty-four one-inch-diameter circular wells of xerogel were sent aloft to the stratosphere and only a few were damaged during the balloon's descent and landing. A visual microscopic survey of the remaining xerogel containers revealed that all were pitted with 3 craters in the 20 -100 micron range (e.g., Figure 1 ). Based on the apparent density of craters in each capture well, we selected one 1-inch diameter circular sample for further study with an Environmental Scanning Electron Microscope (ESEM) (Danilatos et al. 1982) . The ESEM, which does not require hard vacuum conditions to reduce scattering, is normally used to study wet, biological samples. Its advantage for the Leonids sample return is that it is unlikely to cause vacuum damage to fragile microparticles. The ESEM was equipped with a 20 keV energy dispersive X-ray mass spectrometer (EDS) sensitive to elements with atomic weights Z > 10. Using the SEM and EDS together, we can image each impactor while simultaneously characterizing its elemental composition.
We scanned the xerogel sample to a surface depth of 1-2 micron using a rastered beam similar in size to the diameter of the impactors (10 -10,000x, sample-dependent 4 nm resolution). These instrument settings were selected to avoid sources of error involving resolution and diffraction effects. ESEM-EDS analysis of the xerogel capture media re- The eight crater-like pits were examined in the same fashion as the xerogel background.
Each crater contained a single impactor ranging in size from 1 -40 microns. These particles fell into two categories differentiated by morphology and chemical composition.
Seven particles were similar; spherical in shape (Figure 2a ) with a strong signature of Si. The dominance of Si in the spectra of these particles makes accurate abundance measurements difficult because of possible confusion with the Si-rich xerogel capture media. The shape of the particles suggests that they have experienced sufficient heating -possibly a result of atmospheric friction -to render them molten before cooling and reforming as a sphere. Without more reliable abundance measurements it is impossible to say whether or not these seven impactors have an extraterrestrial origin.
An eighth candidate stood out as distinct from the others. EDS data (Figure 2b) showed that this impactor is rich in Si, but also has significant concentrations of Mg, Al, and Fe. The particle is irregular in shape with translucent rims and an opaque core, much like known cosmic spherules (Brownlee et al. 1997) . There is no sign of bulk melting. The general morphology of this 30 µm particle is also similar to that of Antarctic micrometeorites composed of silicates in the 50 -100 µm range (Genge et al. 1996) .
No degassing vesicles or gas corrosion from volitiles are apparent as might be expected for intensely heated particles. It is nevertheless rich in the non-volatile elements Mg, Al, Si and Fe (see Fig 2C) . Abundance ratios of Mg, Al, Si and to a lesser extent 
This formulation allows us to compare and classify objectively the Leonid candidate with nearest neighbors based on their minimum Euclidian distance. These data are contained in the fourth column of Table 1 , and the "chemical distance" vectors are plotted in Figure   3 . to an expected maximum of ∼2 impacts/hr for the ∼600 cm 2 hr area-time product for this flight. While comparable to that observed, the figure is unlikely to be meaningful in this context. The 'true' expected value at 20 km depends on a very uncertain extrapolation of meteoroid momenta and densities from the top of Earth's atmosphere downward to the stratosphere.
The xerogel dust collector was exposed for the entire duration of the balloon flight from launch to landing. We cannot exclude the possibility that metal-rich contaminants such as volcanic dust or industrial pollutants were captured at low altitudes. Small (< 
